Plateau pikas (Ochotona curzoniae) disturbance and patchiness intensify the spatial 21 heterogeneous distribution of vegetation productivity and soil physicochemical properties, 22 which may alter ecosystem carbon emission process. Nevertheless, previous researches have 23 mostly focused on the homogeneous vegetation patches rather than heterogeneous land 24 surface. Thus, this study aims to improve our understanding of the difference in ecosystem 25 respiration (Re) over heterogeneous land surface in an alpine meadow grassland. Six different 26 land surface: large bald patch, medium bald patch, small bald patch, intact grassland, above 27 pika tunnel and pika pile were selected to analyze the response of Re to pikas disturbance and 28 patchiness, and the key controlling factors. The results showed that (1) Re under intact 29 grassland were 0.22-1.07 times higher than pika pile and bald patches; (2) soil moisture (SM) 30 of intact grassland was 2-11% higher than those of pika pile and bald patches despite pikas 31 disturbance increased water infiltration rate, while soil temperature (ST) under intact 32 grassland was 1-3℃ less than pika pile and bald patches; (3) Soil organic carbon (SOC) and 33 total nitrogen (TN) under intact grassland were approximate 50 % and 60 % less than above 34 pika tunnel, whereas 10-30 % and 22-110 % higher than pika pile and bald patched; and (4) 35 Re was significantly correlated with SM, TN and vegetation biomass (P<0.05). Our results 36 suggested that pikas disturbance and patchiness altered ecosystem carbon emission pattern, 37 which was mainly attributed to the reduction of soil water and supply of substrates. Given that 38 the wide distribution of pikas and large area of bald patches, the varied Re under 39 heterogeneous land surfaces should not be neglected for estimation of ecosystem carbon 40 emission at plot or region scale.
Introduction
Ecosystem respiration (Re) is the key process to determine the carbon budget in the terrestrial 45 ecosystem. Thus, even a small imbalances between CO2 uptake via photosynthesis and CO2 46 release by ecosystem respiration can lead to significant interannual variation in atmospheric surface rather than heterogeneous land surfaces. Thus, the specific aims of this study were to 90 (1) investigate the spatial heterogeneity of Re among different surface types (plateau pika pile, 91 above pika tunnel, different sizes of bald patches and vegetation) of alpine grassland; (2) 92 illuminate the potential regulating mechanism of pikas disturbance and patchiness to 93 ecosystem respiration (Re) in an alpine meadow grassland in the northeastern part of 94 Qinghai-Tibetan Plateau (QTP). aerial image were first classified into two groups, i.e. vegetated or bare patches (Yi, 2017) . 131 Then patches with different sizes were created using OpenCv Library. And finally, fractions 132 of vegetation and bare patches (large, medium and small patches) were calculated. For each 133 surface type in each plot, six 1 m × 1 m quadrats were set up, of which three was used for soil 134 saturated hydraulic conductivity measurement and three for soil compactness measurement, 135 soil and vegetation sampling. We also set up another three 1 m × 1 m quadrats and three 2 m 136 × 2 m quadrats in each surface type in a 100 m × 100 m plot for measuring soil temperature, 137 soil moisture and ecosystem respiration. where Fc is the soil CO2 efflux rate (μmol m -2 s -1 ), V is volume (cm 3 ), P0 is the initial pressure 159 (kPa), W0 is the initial water vapor mole fraction (mmol mol -1 ), R is the ideal gas constant (J 160 K -1 mol -1 ), S is soil surface area (cm 2 ), T0 is initial air temperature (°C), and ∂C'/∂t is the initial 161 rate of change in water-corrected CO2 mole fraction (μmol -1 s -1 ). 162 Six LICOR-8100-104 long-term opaque chambers (20cm in diameter LICOR, Inc., 163 Lincoln, NE, USA) were used to measure alternately between three replicates for six land 164 surface types. Therefore, 3 days at least were required to complete one rotation measurements 165 of ecosystem respiration. To measure ecosystem respiration, eighteen polyvinyl chloride 166 collars with a 20 cm inner diameter and a 12 cm height were inserted into the soil with 3-4 cm The soil organic C and total N densities in different land surface were calculated using the 199 equation (2) and (3):
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Materials and methods
where SOC is soil organic C density (kg m -2 ), TN is soil total N density (kg m -2 ), ρ is the soil 203 bulk density (g cm -3 ), σgarvel is the relative volume of gravel (% w/w), CSOC is soil organic C 204 content (g kg -1 ), CTN is soil total N content (g kg -1 ) and Di is soil thickness (cm) at layer i, 205 respectively; i=1, 2, 3 and 4. 206 The data were presented as mean ± standard deviation. Statistical analyses were performed 207 using the SPSS 17.0 statistical software package (SPSS Inc., Chicago, IL, USA). One-way Factors regulate ecosystem respiration 253 We analyzed the relationships of ecosystem respiration with biotic and abiotic factors for six 254 land surface types (Figure 9 ). Correlation analysis showed that ecosystem respiration had no 255 significant correlation with soil temperature (P>0.05, Figure 9 ). However, ecosystem 14.54 and 0.98 kg m -2 in above pika tunnel, which was 2.45 and 2.10 times higher than that of 268 intact grassland (Figure 7) , respectively. The consistent results reported that the contents of 269 available soil nutrients around the pikas burrow were higher than those in control sites on an 270 alpine meadow (Zhang et al., 2016) . We also found that SOC and TN densities under pika pile and Smith, 2015), which was similar with our results showed that bald patches had less 319 saturated soil hydraulic conductivity ( Figure 5 ). Low vegetation cover under bald patches was 320 not beneficial for water retention and utilization, where most of soil water was mainly lost as 321 a way of evaporation (Yi et al., 2014) . We have measured evaporation of the intact grassland, 322 isolate grassland, large patches, medium patches and small patches since the early June 2016. 323 Three years results indicated that evaporation under bald patches were higher than the intact 324 grassland (data were not shown here). 326 Most previous studies showed that soil temperature explained most of the temporal variation temperature was not found in the present study (Figure 9 ), which suggested that other factors 341 involved in controlling Re induced by pikas disturbance and patchiness. Our results showed 342 that Re were positively correlated with soil moisture, soil total nitrogen, aboveground and 343 belowground biomass (Figure 9 ). Pikas disturbance and patchiness led to the drying and 344 loosening of soil (Figure 4 and 6) . It was considered that loose, dry surface sediments and 345 strong winds were the primary factors responsible for soil erosion (Dong et al., 2010b) and 346 wind erosion was especially common in arid and semi-arid regions (Zhang and Dong, 2014) . 
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Factors affected ecosystem respiration
Figure legends
